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1. Introduction 
 
It is well documented, in studies undertaken in other countries, that the 
economic burden imposed by substance abuse on individuals and society as a whole is 
substantial. However, in Portugal, the costs of poor health habits have never been 
evaluated. Here we use data collected by the Portuguese Ministry of Health to assess 
the health care costs attributable to smoking in Portugal. 
While the economic costs of smoking include other dimensions, namely the 
losses associated with deaths, health care cost is still essential from a public policy 
perspective. The arguments for any anti-smoking public policies or for any public 
actions to recover costs are reinforced if the health-care cost attributable to this habit 
is found to be large. The literature reports two main methods to determine these costs: 
the “relative-risk method” (RR), and the “microeconometric method” (ME). The RR 
method uses epidemiological evidence to assess the relative risk to smokers of 
developing diseases that the medical literature determines to be linked to smoking as 
compared to non-smokers, figures which, coupled with prevalence rates of the 
population, are used to ascertain a “smoking-attributable fraction” (SAF) and apply it 
to estimate the fraction of health care expenditures attributable to the smoking habit. 
This method, however, has some important limitations: first, it relies on available 
epidemiological data that generally allows one to control the SAF for sex and age 
only; second, the relative risks are generally computed based on mortality rather than 
morbidity data; third, it limits the analyses to diseases that the medical literature 
establishes as directly caused by smoking. 
The recently developed ME method overcomes each of these limitations. 
Basically, this method follows a different approach to compute the SAF. In short, 
micro data on health care expenditures and smoking behaviour is used to (i) predict 
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expenditures based on actual behaviour and observed characteristics, (ii) predict 
expenditures based on the counter-factual scenario where no one has ever smoked; 
and, the SAF is computed as the relative difference between these predictions. This 
method, which has been used to measure the health care costs attributable to smoking 
in the USA, is however extremely demanding in terms of information and it is 
unusual to find a data set that meets the requirements for its proper application. 
The National Health Surveys undertaken by the Portuguese Ministry of Health 
in several years contain extensive economic, socio-demographic, behavioural, health 
condition, and health-care cost and use data on the Portuguese population that makes 
these data sets extremely unique for the full application of the ME method to estimate 
these costs. In sum, this paper answers the following main questions: 
(i) How much are the health-care costs attributable to smoking in Portugal? 
(ii) Are these costs statistically and economically significant? 
(iii) Do these costs vary in significant ways between the different regions in Portugal? 
(iv) Are health care costs attributable to smoking reduced by governmental programs 
informing people about its health risks, the meaning of the risks, and the 
consequences of those risks? And if so, are those cost savings statistically and 
economically significant? 
 
 
 
 
 
 
 
 
 
 
 
 
 3 
2. The methodology 
The microeconometric method used for estimating the SAF in Portugal 
follows an approach that has been widely used in the literature in recent years (eg. 
Bartlett et al. (1994), Miller et al. (1999), Coller et al. (2002), Harrison et al. (2003)). 
This approach, pioneered by Duan et al. (1983), consists in estimating two-part 
models to deal with the mixed nature of the distribution of medical expenses. A mixed 
distribution is a continuous distribution with a positive mass at one or more points 
(making it neither strictly discrete nor continuous), a common characteristic of 
medical expenses data where a high percentage of individuals have no medical 
expenses. Like in our data (Section 3), this corresponds to cumulative distributions 
showing a “spike” at zero. The two-part account of the mixed nature of these 
distributions exploits the fact that the likelihood naturally splits the model in two 
parts: one part deals with the mass at zero, and the other part deals only with those 
individuals who have positive medical expenses. 
Formally, let Y be the medical expense of an individual, Z a vector of 
covariates (including measures of smoking behaviour), and  a vector of parameters. 
Given Z=z, let I=1 if Y>0, and I=0 if Y=0. Then,  
 
Y Y
Pr(I=0|z) if y=0
f (y; |z)= f (y; |I=1, z)Pr(I=1|z) if y>0
0 if y<0
γ γ





     (1) 
 
For a total of n observations where n1 observations correspond to those 
individuals with yi=0 (and, therefore, I=0), and (n-n1) observations have yi>0 (I=1), 
the likelihood for the parameter vector  is: 
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The likelihood is, therefore, the product of two likelihoods, 

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×∏ , where the first likelihood corresponds to 
the probability that an individual has a positive expense, and the second likelihood 
corresponds to the probability model for the distribution of positive expenses only. 
Specifying the appropriate probability distributions of each part of the model 
allows us to obtain consistent and efficient estimates of the parameter vectors by 
separately maximizing each likelihood (McDowell (2003)). The dependent variable in 
the first part of the model is dichotomous in nature (either an individual has an 
expense or not), and a logit or probit specification is often used to estimate the 
parameters of this part. The dependent variable in the second part of the model is 
strictly positive commonly with non-constant variance, and a semi-log specification is 
the most prevalently used to estimate the parameters of this part; this amounts to 
apply least-squares for logged dependent variables. 
Estimation of the first part of the model is used to predict the probability that 
an individual incurs positive medical expenditures given his or her personal 
characteristics, including actual smoking habits. Estimation of the second part of the 
model is used to predict the natural logarithm of an individual’s medical expense level 
given his or her personal characteristics, including actual smoking habits, conditional 
on the individual having some medical expenses; in this case, the exponential of the 
log-scale prediction is used to generate the predicted level of medical expenditures for 
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the individual. The overall predicted medical expense for an individual given his or 
her actual characteristics is then obtained by simply multiplying the predictions from 
the two parts of the model. Given the actual vector of covariates Z, let ˆ Ap  stand for 
the predicted probability of having an expense, and µˆA  stand for the predicted level of 
expenses, given an expense is incurred. The overall predicted medical expense is 
given by: 
ˆ ˆ µˆ= ×A A Ay p          (3) 
 
Estimation of the SAF proceeds by undertaking a counter-factual simulation of 
the two-part model. This consists in assuming that all current or former smokers are 
no longer smokers and indeed never smoked, which amounts to re-setting the values 
of all smoking-related covariates to zero for all individuals in the data base, and 
predicting expected expenditures with the statistical model. Let Z0 be the vector of 
covariates for an individual with all the smoking-related variables set to zero, but 
holding all other characteristics at their actual values. Applying the estimated 
coefficients from the first part of the model above to Z0 yields the predicted 
probability that the individual incurs positive medical expenses in the counter-factual 
scenario where the individual had never smoked. Denote this predicted probability by 
ˆCp , noticing that ˆCp = ˆ Ap  for an individual who actually had never smoked. 
Similarly, applying the estimated coefficients from the second part of the model 
above to Z0 yields, after a suitable transformation of the log-scale prediction, the 
predicted level of medical expenses in the counter-factual scenario where the 
individual had never smoked. Denote this predicted expense level by µˆC , noticing 
that µˆC = µˆA  for an individual who actually had never smoked. 
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The overall predicted medical expense in the non-smoking counter-factual 
scenario is then given by: 
ˆ ˆ µˆ= ×C C Cy p          (4) 
 
The difference ˆ ˆ−A Cy y  is a smoking attributable expense, and the ratio of this 
difference to the predicted expenses with the actual values of all the covariates is the 
smoking-attributable fraction for the individual: 
ˆ ˆ
ˆ
−
=
A C
A
y ySAF
y
        (5) 
 
An aggregate SAF may then be generated multiplying each individual’s SAF 
by their actual expenses, summing up these values for all the individuals with 
expenses, and dividing the result by the predicted total of the individual’s expenses. 
The aggregate SAF may be applied to the annual health care expenditures to obtain 
the monetary value of these expenditures that are attributable to smoking. 
 
3. The data 
The National Health Surveys undertaken by the Portuguese Ministry of Health 
in several years contain detailed information on health care expenditures, and on 
several socio-demographic, economic, and health-behavioural variables for a large 
sample of individuals in Portuguese mainland allowing the full application of the ME 
method to estimate an aggregate SAF for Portugal. The surveys employ recognized 
best-practice survey methods yielding probabilistic samples representative of the 
mainland Portuguese population. 
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Here we first use the National Health Survey undertaken in 1998/1999 (a more 
recent Survey was undertaken in 2005/2006 which is to this day unavailable to the 
authors) to estimate the SAF. Previous National Health Surveys were undertaken in 
1987 and in 1995/1996. The data from each of these surveys allow us to estimate 
comparable SAFs for Portugal. 
Table 1 lists the number of observations by five main regions of Portugal for 
each of the Surveys, the percentage of observations with zero expenditure, the mean 
and standard deviation of positive expenditures, and the percentage of individuals 
who are current or former smokers. 
 
Table 1-Descriptive Statistics with complete samples 
Year NHS 
and 
Region 
N Percentage 
with 0 exp. 
Mean 
Expense 
Standard 
Deviation 
Percentage 
Smokers 
1998 48,606 67.8  46  129 24.7 
North 14,832 71.7 41 90 21.9 
Center 9,631 66.3 44 129 20.1 
Lisbon 12,608 62.4 56 178 28.6 
Alentejo 5,853 68.9 39 67 26.9 
Algarve 5,682 71.3 45 95 29.5 
1995 49,718 74.1  35  102 23.0 
North 14,512 81.9 40 107 19.2 
Center 10,039 70.4 32 70 19.0 
Lisbon 13,587 69.1 36 130 27.0 
Alentejo 6,351 71.6 29 86 25.6 
Algarve 5,229 75.7 36 64 27.2 
1987 41,585 76.9  14  48 20.5 
North 16,127 79.4 14 61 17.9 
Center 7,035 78.5 11 18 16.6 
Lisbon 11,647 74.4 14 33 23.3 
Alentejo 4,118 75.9 14 69 24.2 
Algarve 2,658 69.6 17 32 27.9 
 
The descriptive statistics presented in Table 1 are computed using the total 
number of observations in each of the National Health Surveys. Estimation of the 
needed statistical models to compute the SAF, however, requires valid observations 
 8 
for each of the relevant variables included in the models. This means that any 
observations with missing values for any of the relevant variables are discarded from 
the analysis. There are a number of approaches to prevent discarding observations 
from the analysis which entail setting missing values to some non-missing values 
using reasonable imputation algorithms. The simplest imputation algorithm consists in 
setting missing values on a variable to the mean value of the non-missing values on 
that same variable. More sophisticated approaches involve developing imputation 
models for variables with missing values in terms of variables without any missing 
values. Here, observations with missing values are simply discarded from the 
analyses, and the robustness of the estimated SAF is then assessed by comparison 
with the resulting estimates when imputation algorithms are used (TO BE DONE 
WHEN THE 2005 DATA COMES IN). 
 
Table 2-Descriptive Statistics with working samples 
Year NHS 
and 
Region 
N Percentage 
with 0 exp. 
Mean 
Expense 
Standard 
Deviation 
Percentage 
Smokers 
1998 35,983 65.2  47  131 29.9 
North 10,709 69.0 41 82 27.6 
Centre 7,076 63.8 44 121 23.8 
Lisbon 9,729 60.3 58 190 33.5 
Alentejo 4,542 65.6 38 50 31.9 
Algarve 3,927 69.5 45 92 35.7 
1995 31,267 72.5  39  120 30.5 
North 9,434 80.4 44 125 26.9 
Centre 5,835 67.8 34 80 26.2 
Lisbon 9,166 67.1 40 151 34.6 
Alentejo 3,524 71.8 32 97 33.4 
Algarve 3,308 73.6 40 72 33.4 
1987 36,882 76.1  13  47 20.9 
North 14,298 78.6 14 63 18.5 
Centre 6,473 77.8 11 18 17.1 
Lisbon 10,215 73.6 13 29 23.8 
Alentejo 3,582 75.0 12 68 25.0 
Algarve 2,314 68.6 17 32 27.7 
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Table 2 lists the descriptive statistics for the samples with non-missing values 
on all the relevant variables. These samples are referred to as “working samples”. The 
figures show that discarding “missing-value” observations reduces the 1998 NHS 
sample size by about 25%. Compared to the complete sample, the percentage of 
observations with zero expenditure is lower, and the percentage of individuals who 
are current or former smokers is higher at the national level in the 1998 working 
sample. Formal statistical tests on the equality of proportions using large-sample 
statistics reveal that these proportions are indeed statistically different at conventional 
significance levels between the complete and working 1998 samples. The application 
of a t-test on the equality of the positive expenditure means, however, reveals that 
these figures are not statistically different for these samples. 
Concerning the 1995 NHS, discarding “missing-value” observations reduces 
the sample by about 37%. Comparable formal statistical testing procedures on the 
equality of proportions and equality of mean expenditures reveals that the figures are 
indeed statistically significant different amongst the complete and working 1995 
samples. The 1987 sample is reduced by about 11% when the missing values are 
discarded, and only the proportion of individuals with zero expenditure is statistically 
significantly different between the complete and working samples. 
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4. Estimated SAF using the 1998 NHS 
Selection of the independent variables in the two-part model is driven by 
previous research findings, and the information that is available in the data set. These 
variables (but not their coefficients) are the same in each part of the model. Table 3 
contains the descriptive statistics for the independent variables of the 1998 working 
sample. Using acronyms for the variables, we have: 
EVERSMOKER: binary indicator that the individual is a current or former smoker. 
CIGSNOW: typical number of cigarettes the individual smokes per day now (at the 
time of the survey). 
CIGSNOW2: squared number of cigarettes the individual smokes daily now 
(CIGSNOW2= CIGSNOW×CIGSNOW). 
YEARSSMOKING: number of years the individual has been smoking up to the present 
survey time. 
YEARSSMOKING2: squared number of years the individual has been smoking up to 
the present survey time (YEARSSMOKING2= 
YEARSSMOKING×YEARSSMOKING). 
CIGSPAST: typical number of cigarettes the individual smoked per day in the past 
(for a former smoker). 
CIGSPAST2: squared number of cigarettes the individual smoked per day in the past 
(CIGSPAST2= CIGSPAST×CIGSPAST). 
YEARSSMOKED: number of years the individual had been smoking in the past (for a 
former smoker). 
YEARSSMOKED2: squared number of years the individual had been smoking in the 
past (YEARSSMOKED2= YEARSSMOKED×YEARSSMOKED). 
DRINKER_NEVER: binary indicator that the individual never drank alcohol. 
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DRINKER_OFTENWEEK: binary indicator that the individual often drinks alcohol 
during the week. 
DRINKER_ONCEWEEK: binary indicator that the individual drinks alcohol once 
during the week. 
DRINKER_ONCEMONTH: binary indicator that the individual drinks alcohol once 
during the month. 
DRINKER_RARELY: binary indicator that the individual rarely drinks alcohol in the 
year. 
INC: household income group of the individual (1=very low income group, up to 
10=upper income group). 
REG: region where the individual lives (1=North, 2=Center; 3=Lisbon and Vale do 
Tejo, 4=Alentejo, 5=Algarve). 
AGE: age of the individual in years. 
MALE: binary indicator that the individual is male. 
MARRIED: binary indicator that the individual is married. 
JOB: binary indicator that the individual currently works. 
NFAMILY: number of people in the individual’s household. 
EXER: binary indicator that the individual gets regular exercise at least once a week. 
EDU: number of years of schooling. 
BMI: body mass index of the individual, defined in terms of reported height and 
weight. 
BMI2: squared body mass index (BMI2= BMI×BMI). 
DISABILITY: binary indicator that the individual has a long-term disability. 
HIBLOOD: binary indicator that the individual has high blood pressure. 
DIABETES: binary indicator that the individual has diabetes. 
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ASTHMA: binary indicator that the individual has asthma. 
BRONCHITES: binary indicator that the individual has bronchitis. 
ALLERGY: binary indicator that the individual has allergy. 
HEART: binary indicator that the individual has a heart disease (as identified in the 
ICD9 (9th Revision of the International Classification of Diseases) codes. 
CANCER: binary indicator that the individual has cancer (as identified in the ICD9 
(9th Revision of the International Classification of Diseases) codes. 
PREGNANCY: binary indicator that the individual reported a pregnancy in the past 3 
months. 
 
Table 3 – Independent Variables: Descriptive Statistics 
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The probit results for the first part of the model are reported in Table 4. 
Clearly, the results show that the health-related variables are the strongest predictors 
of positive medical expenditures. Personal characteristics such as age, income, years 
of schooling, marital status and sex also play a statistically significant role in 
determining whether or not the individuals have medical expenses. The region where 
the individuals live also impacts on the probability of having a medical expenditure. 
The results indicate that, ceteris paribus, individuals living in the Center and in the 
Lisbon and Vale do Tejo regions of Portugal are more likely to have medical expenses 
than those who live in the North. The reverse result is found for those individuals 
living in the Alentejo and the Algarve regions. 
An interesting observation is that none of the smoking-related variables is 
individually statistically significant at less than the 0.05 significance level. The result 
of a likelihood ratio test of the hypothesis that the coefficients of the smoking-related 
variables are jointly zero reveals, however, that the set of smoking-related variables is 
jointly statistically significant in determining whether or not the individuals have 
medical expenses. The test statistic for the likelihood ratio test is defined as -2(LR-
LUR), where LR and LUR are the values of the log-likelihood functions for the 
restricted and unrestricted models (the restricted model sets all the coefficients of the 
smoking-related variables to zero). The computed test statistic is 2(9)=80.2 and, 
therefore, the null hypothesis is rejected. 
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Table 4 – Probit Results for probability of positive expenditure 
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The regression results for the second part of the model are reported in Table 5. 
Again, the smoking-related variables are not individually statistically significant, but 
the result of a standard F test on the joint significance of the set of smoking-related 
variables clearly indicates that they constitute an important influence on the level of 
expenditures (F(9, 12461)=3.46). In line with the probit results, the region where the 
individuals live also impacts the level of expenditures in a statistically significant 
manner. 
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Table 5 – Regression Results for level of expenditure 
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Having estimated the two-part model, and generated the relevant actual and 
counter-factual predictions, each individual’s SAF is computed using equation (5). 
Computation of the aggregate SAF is then a relatively straightforward exercise. In this 
application, the estimated aggregate SAF is 13.77%. Thus, according to this estimate, 
about 13.77% of the health care expenditures in Portugal are attributable to smoking, 
a figure that is clearly significant in economic terms. 
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5. Estimated SAF using the 1995 NHS 
The same logic, statistical procedures and the same definition of covariates as 
set forth above are used to estimate the aggregate SAF using the 1995 data base. 
Table 6 contains the descriptive statistics for the independent variables of the 1995 
working sample. 
 
Table 6 – Independent Variables: Descriptive Statistics 
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The probit results for the first part of the model using the 1995 working 
sample are reported in Table 7. Again, the results show that the health-related 
variables are the strongest predictors of positive medical expenditures. The region 
where the individuals live also impacts on the probability of having a medical 
expenditure. The results indicate that, ceteris paribus, individuals living in the Center,
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in Lisbon and Vale do Tejo, in Alentejo and in the Algarve regions are more likely to 
have medical expenses than those who live in the North.  
In line with the results previously found, none of the smoking-related variables 
is individually statistically significant at less than the 0.05 significance level. The 
result of a likelihood ratio test of the hypothesis that the coefficients of the smoking-
related variables are jointly zero reveals, however, that the set of smoking-related 
variables is jointly statistically significant in determining whether or not the 
individuals have medical expenses. The test statistic for the likelihood ratio test is 
defined as -2(LR-LUR), where LR and LUR are the values of the log-likelihood 
functions for the restricted and unrestricted models (the restricted model sets all the 
coefficients of the smoking-related variables to zero). The computed test statistic is 

2
(9)=56.0 and, therefore, the null hypothesis is rejected. 
 
Table 7 – Probit Results for probability of positive expenditure 
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The regression results for the second part of the model using the 1995 working 
sample are reported in Table 8. Again, many of the smoking-related variables are not 
individually statistically significant, and the result of a standard F test on the joint 
significance of the set of smoking-related variables indicates that they do not 
constitute an important influence on the level of expenditures (F(9, 8611)=1.19).  
 
Table 8 – Regression Results for level of expenditure 
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Having estimated the two-part model, and generated the relevant actual and 
counter-factual predictions, each individual’s SAF is computed using equation (5). 
Computation of the aggregate SAF is then a relatively straightforward exercise. In this 
application, the estimated aggregate SAF is 18.55%. Thus, according to this estimate, 
about 18.55% of the health care expenditures in Portugal are attributable to smoking, 
a figure that is again clearly significant in economic terms. 
 
 
6. Estimated SAF using the 1987 NHS 
Due to lack of availability in the data set, the number of control variables used 
in the estimation of the two-part model is reduced. The actual control variables used 
with the 1987 NHS have, however, the same meanings (ie, were constructed in the 
same way) as those used with the 1998 and 1995 surveys. Table 9 contains the 
descriptive statistics for the independent variables of the 1987 working sample. 
 
Table 9 – Independent Variables: Descriptive Statistics 
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The probit results for the first part of the model using the 1987 working 
sample are reported in Table 10. Again, the results show that the health-related and 
personal characteristics variables are the strongest predictors of positive medical 
expenditures. The region where the individuals live also impacts on the probability of 
having a medical expenditure, with those living in the Center and those living in the 
Alentejo regions (Lisbon and Algarve) being less (more) likely to have medical 
expenses than those who live in the North.  
 
In line with the results found for the 1995 and 1998 samples, the vast majority 
of the smoking-related variables is not individually statistically significant at less than 
the 0.05 significance level. The result of a likelihood ratio test of the hypothesis that 
the coefficients of the smoking-related variables are jointly zero reveals, however, 
that the set of smoking-related variables is jointly statistically significant in 
determining whether or not the individuals have medical expenses. The test statistic 
for the likelihood ratio test is defined as -2(LR-LUR), where LR and LUR are the values 
of the log-likelihood functions for the restricted and unrestricted models (the 
restricted model sets all the coefficients of the smoking-related variables to zero). The 
computed test statistic is 2(9)=58.3 and, therefore, the null hypothesis is rejected. 
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Table 10 – Probit Results for probability of positive expenditure 
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The regression results for the second part of the model using the 1987 working 
sample are reported in Table 11. Again, many of the smoking-related variables are not 
individually statistically significant, and the result of a standard F test on the joint 
significance of the set of smoking-related variables indicates that they do not 
constitute an important influence on the level of expenditures (F(9, 8812)=1.23).  
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Table 11 – Regression Results for level of expenditure 
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Having estimated the two-part model, and generated the relevant actual and 
counter-factual predictions, each individual’s SAF is computed using equation (5). 
Computation of the aggregate SAF is then a relatively straightforward exercise. In this 
application, the estimated aggregate SAF is 19.32%. Thus, according to this estimate, 
about 19.32% of the health care expenditures in Portugal are attributable to smoking, 
a figure that is again clearly significant in economic terms. 
 
7. Which SAF? 
The previous estimations yield three different figures for the national SAF: 
19.32% using the 1987 NHS; 18.55% using the 1995 NHS; 13.77% using the 1998 
NHS. A plausible explanation for these different findings is the extent of the 
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information used in estimating the statistical model. The 1998 NHS is the most 
complete, allowing for a larger number of controls to be used in the estimations. In 
fact, estimating the two-part model using the 1998 NHS but including only the same 
controls used in the estimation of the SAF with the 1987 sample yields an aggregate 
SAF of 18.03%. Similarly, estimating the two-part model using the 1998 NHS but 
including only the controls used in the estimation of the SAF with the 1995 sample 
yields an aggregate SAF of 14.48%. It seems, therefore, clear that the estimated 
national SAF increases as the number of controls are dropped. Given that the use of 
statistical techniques in computing the SAF is to get at the pure effect of smoking on 
medical expenditures, it seems reasonable to have more confidence on the estimate 
obtained when more variables were used to control for other factors, apart from 
smoking, that might be affecting medical expenditures. MORE TO BE ADDED. 
 
8. Adjusting the SAF for Regional variations 
Estimation of the two-part model using the NHS surveys revealed that the 
region where the individuals live are strong predictors both of the probability of 
having medical expenses and of the level of expenditures conditional on having one. 
Thus, it is reasonable to adjust the national estimated SAF for these regional 
variations. To do so, we first determine how the national SAF estimate with the 
1998NHS varies with region of residence by stratifying the SAF according to region. 
Table 12 lists the resulting estimated SAFs by region, showing that the fraction of 
health expenditures attributable to smoking varies in substantial ways between the 
different regions in Portugal. 
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Table 12 – Calculated Smoking Attributable Fractions by Region 
1998 13.77% 
North 13.62% 
Centre   6.51% 
Lisbon 15.86% 
Alentejo 12.10% 
Algarve 24.77% 
 
Secondly, we determine how the aggregate expenditures for the complete 
1998 sample are regionally distributed. Table 13 lists these values. 
 
Table 13 – Aggregate expenditures by Region in the 1998 NHS 
Region Total amount Percentage 
Portugal  702198.70 100 
North 166692.60 24 
Centre 136538.90 19 
Lisbon 259048.50 37 
Alentejo 70471.15 10 
Algarve 69447.50 10 
 
The adjusted national SAF is then computed as: 
(13.62%×24%)+(6.51%×19%)+(15.86%×37%)+(12.10%×10%)+(24.77%×10%)=14%. 
Notice then that the adjusted national SAF reflects the regional composition of 
the complete 1998 NHS in terms of expenditures. 
According to the information available at the OECD web site, the total 
expenditure on health as a percentage of GDP was 10.2% in year 2005, the most 
recent year for which there is information at the present time. For the same year, the 
public expenditure on health was 71.8% out of the total expenditure on health. 
Information available at the same site and for the same year indicates that the 
Portuguese GDP was 149123.4 million euros at current prices. Applying the estimated 
adjusted national SAF to these figures (ie, assuming that the 1998 adjusted SAF is 
valid for year 2005), we have that 2129.482 million euros were national smoking 
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attributable expenses, and that 1528.968 million euros were public smoking 
attributable expenses. 
 
9. Simulating the impact of information 
Although no information exists that would allow us to assess the impact of 
information on smoking behaviour, it is possible to simulate the cost savings in terms 
of heath expenditures due to successful informational programs aiming at reducing 
smoking prevalence or smoking intensity. Based on a small-scale experiment 
conducted in 1997 in the US using a convenience sample of college students, Botelho 
(1998) estimated that the provision of information linking smoking to disease 
(including the full disclosure of information concerning the alleged misconduct by the 
smoking industry) decreases the probability of smoking by about 50%. Using this 
value as a benchmark, we may simulate the cost savings due to informational 
programs in two ways: one way consists in reducing the number of smokers in the 
sample by 50%; another way consists in reducing the intensity of smoking by the 
same 50%. 
Table 14 reports the estimated SAFs under these two scenarios. As can be 
gleaned from the Table, only the simulation reducing the number of ever smokers in 
the 1998 sample produces an impact in the estimated SAFs. The results appear to 
indicate that informational programs aiming at just reducing smoking intensity do not 
produce any results in terms of health care expenditures. Although by a small 
percentage amount, any informational programs aiming at completely reducing the 
number of smokers does have an impact. 
Using the same monetary values for health care expenditures as in Section 8, 
we obtain as a conservative figure the value of 40.408 million euros as the cost 
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savings (in terms of public expenditures only) produced by informational programs 
that reduce by 50% the number of people in the country who smoke. 
 
Table 14 – Estimated counter-factual SAFs in the 1998 NHS 
Region Reducing Number Reducing Intensity 
National SAF 13.39 13.77 
North 13.59 13.62 
Centre   6.36   6.51 
Lisbon 15.34 15.86 
Alentejo 11.57 12.10 
Algarve 23.75 24.77 
Adjusted National SAF 13.63% 14% 
 
 
10. Conclusion 
The present study is a first attempt to estimate the fraction of health care 
expenditures attributable to smoking in Portugal using an econometric methodology 
that is now an accepted standard in the health economics literature. In line with the 
results in studies undertaken in other countries, our findings suggest that a substantial 
fraction of the national health care expenditures can be attributed to smoking. 
Informational campaigns and other public initiatives aiming at preventing people from 
starting to smoke and helping those who already smoke to quit this highly addictive 
habit are, therefore, justified in economic terms. Our simulations suggest that 
substantial cost savings can be achieved even if such schemes are not totally 
successful. 
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